Introduction
The very important aspect among them is operation requirements under the sea state three. The motion of a mobile harbor ship (hereafter "MH ship"), which is moored at a container ship called a mother ship, should be controlled to meet cargo handling smoothly. However, the cargo handling at the land-based wharf would be done at a higher speed than that on board the MH ship. Although there are a lot of topics to do smooth cargo handling on board the MH ship, this paper is to deal with only ship-to-ship stabilized mooring system (hereafter "SMS").
The ship-to-ship SMS is one of important parts of mobile harbor project and consists of the optimum SMS and specialized equipment involved in it. For the optimum SMS, mooring method is that one side of the MH ship is securely moored alongside a mother ship by mooring lines and Yokohama fenders between them and the other moored at the sea bottom by fore and aft suction pile anchors.
Positioning winch systems, which are originally modified from conventional auto-tension ones, should be developed together with control system in this study. The winch systems are to measure and control the motion variation of the MH ship by suppressing the surge and sway motion, especially, the heave motion.
Sea tests are planned to be two stages; the first is carried out dockside and the other alongside the mother ship. This study is to deal with dockside tests as the first stage of the sea tests, which are to find out the difference of the motion of the MH ship between without the control of the positioning winch systems and with it. After all it will be ascertained whether the winch systems can work well to control these motions or not.
Experimental Results of Ship-to-ship Stabilized Mooring System for Mobile Harbor -282 -
The Conceptual Design and Mooring of Mobile Harbor
One of the conceptual designs of mobile harbor here was suggested as shown in Fig. 1 . The design is intended for the optimum SMS. Firstly a mother ship of 10,000 TEU class will be anchored with four (4) suction pile anchors and each MH ship moored with two (2) suction pile anchors and two (2) bollards of the mother ship.
Fig. 1 Conceptual design of mobile harbor
The requirements of a mother ship are the following. However, they are not fully considered because this study is to deal with only dock side test.
• The mother ship will be moored by four-point method in the particular anchorage equipped with four (4) suction pile anchors.
• Mooring ropes will be chains or wire ropes and their specifications are determined depending upon the size of the mother ship.
• The positions of the four pile anchors are determined, considering the prevailing direction of the wind and current in the area.
• To obtain the maximum holding power, the suction pile anchors are established so that their horizontal angles of mooring should be about 30° of port and starboard respectively with respect to the fore and aft line.
• To reduce the heave motion of the mother ship, the vertical angles of mooring should be close to the right angle if possible. The direction of the right angle is not possible due to the characteristics of the mother ship. Considering other motions except heave one, we determined that the vertical angles of mooring are 30～45° with respect to the vertical axis of the mother ship.
The requirements of a MH ship are almost the same as those of the mother ship.
• To reduce the heave motion, the MH ship is to be anchored by two-point method in the opposite direction of the mother ship and to be united by using mooring lines toward the mother ship.
• The two-point mooring is done by wire ropes and the mooring alongside the mother ship done by mooring lines for the mobile harbor.
• To obtain the maximum holding power as the mother ship does, the horizontal angles of mooring point are to keep about 30° respectively relative to the fore and aft line of the MH ship and the vertical angles of mooring about 45° relative to the vertical axis of the MH ship.
• Even if the same external forces applied to the mother ship and MH ship, the phase difference between motions of the two ships could cause damage to the hulls of them. To alleviate the impact on them air fenders are needed on board the MH ship.
Finally, the requirements of ship-to-ship stabilized mooring systems are discussed. Firstly, assuming that a DP system is carried on board the MH ship, ship-to-ship SMSs are to be developed so as to reduce the heave motion of the MH ship to the maximum. Secondly, the equipment used commonly in general container ships is to be made better or be added partially and applied to the MH ship as possible as it can. It is because the space and cost available for the equipment should be considered sufficiently.
• The horizontal mooring lines connected with the mother ship & suction pile anchors can be controlled by DP systems, while the heave motion cannot be. The ship-to-ship SMS should be designed so that the heave motion caused by the size difference of the mother and MH ships should be reduced so as to do cargo work by cranes.
• The ship-to-ship SMS should be developed by basically using positioning winches, which are to modify a conventional auto-tension winch to fit the MH ship, and DGPS attitude sensing system, which is to measure the motion of the MH ship.
• The initial tension of the MH ship mooring lines should be set up to control the heave motion by using constant brake systems, which can play a key role in the positioning winches.
The development in the ship-to-ship SMS technology should include the following.
• Even if the force caused by heave motion is greater than the initial load set up, the SMS should keep the appropriate load constantly.
• In case that the MH ship goes downwards, the mooring line should be hauled in depending on the heave motion.
Dockside tests on the ship-to-ship SMS

Development of the ship-to-ship SMS
The conceptual design of the mobile harbor and the ship-to-ship SMS suggested in this paper should be tested to verify and validate its reliability and appropriateness.
Firstly, a prototype of the SMS for dockside test includes positioning winch system and embedment drag anchor. The prototype was developed as large as it is fit for a barge of LOA 32m and breath 12m (Lee et al, 2010 ). Fig.2 shows the main components of the ship-to-ship SMS. (Fig. 4 ). One of embedment drag anchors is given by the following (Fig. 5 ).
-Weight: 5 tons -Expected holding power: 100 tons Fairleaders were made as roller type to transmit constant tension and reduce frictional wear regardless of the direction of wire ropes (Fig. 6) . Only five (5) results among dockside tests were described. All six DOF motions were analyzed, but due to limited paper space only heave motions were shown here.
And it also is because the heave motions of the barge were focused on due to the importance of controlling the vertical motion. □ Heave motion: Fig. 11 also shows that the controlled heave motion is much less than the uncontrolled motion.
Discussions
According to Table 1 the above-mentioned dockside tests have shown that the heave motions can be decreased by more than 45%. It has been found that the ship-to-ship SMS can work well to reduce the heave motion of the MH ship. 
Conclusions
This study suggested one of the conceptual designs of mobile harbor and for the ship-to-ship SMS carried out dockside tests to validate the conceptual mobile harbor. As a result, the following are concluded.
• To keep ship-to-ship stabilized mooring, we suggested that the mother ship be moored with four-point suction pile anchors and wire ropes and also the MH ship be moored with two-point suction pile anchors and wire ropes outwards and with wire ropes and Yokohama fenders towards the mother ship.
• The dockside tests were carried out to check the motion of a barge of 400 CBM alongside the wharf, Korea
Maritime University. The barge was moored with four (4) positioning winch systems, 4 DGPS sensors, wave meter, and anemometer.
• The translational movement of the barge such as heave, surge and sway motion is generally less at the state controlled by positioning winches than at the state without control.
• The heave motion of the barge decreased by more than 45% during dockside tests.
This study carried out dockside tests under less than sea state 3 due to experimental cost and short period. In the future study sea tests should be done under the condition of more than sea state 3 and the mooring alongside a mother ship near the coast of Korea.
